Effects of N,N'-dicyclohexylcarbodiimide and N-(ethoxycarbonyl)-2-ethoxy-1,2-dihydroquinoline on hydride ion transfer and proton translocation activities of mitochondrial nicotinamidenucleotide transhydrogenase.
N,N'-Dicyclohexylcarbodiimide (DCCD) inhibits the mitochondrial energy-linked nicotinamidenucleotide transhydrogenase (TH). Our studies [Phelps, D.C., & Hatefi, Y. (1981) J. Biol. Chem. 256, 8217-8221; Phelps, D.C., & Hatefi, Y. (1984) Biochemistry 23, 4475-4480] suggested that the inhibition site of DCCD is near the NAD(H) binding site, because NAD(H) and competitive inhibitors protected TH against inhibition by DCCD and, unlike the unmodified TH, the DCCD-modified TH did not bind to NAD-agarose. Others [Pennington, R.M., & Fisher, R.R. (1981) J. Biol. Chem. 256, 8963-8969] could not demonstrate protection by NADH, obtained data indicating DCCD inhibits proton translocation by TH much more than hydride ion transfer from NADPH to 3-acetylpyridine adenine dinucleotide (AcPyAD), and concluded that DCCD modifies an essential residue in the proton channel of TH. The present studies show that N-(ethoxycarbonyl)-2-ethoxy-1,2-dihydroquinoline (EEDQ) also inhibits TH. The inhibition is pseudo first order at several EEDQ concentrations, and the reaction order with respect to [EEDQ] is unity, suggesting that inhibition involves the interaction of one molecule of EEDQ with one active unit of TH. The EEDQ-modified TH reacts covalently with [3H]aniline, suggesting that the residue modified by EEDQ is a carboxyl group. More significantly, it has been shown that the absorbance change of oxonol VI at 630 minus 603 nm is a reliable reporter of TH-induced membrane potential formation in submitochondrial particles and that TH-catalyzed hydride ion transfer from NADPH to AcPyAD and the membrane potential induced by this reaction are inhibited in parallel by either DCCD or EEDQ.